Abstract. We consider the Einstein/Yang-Mills equations in 3 + 1 space time dimensions with SU(2) gauge group and prove rigorously the existence of a globally defined smooth static solution. We show that the associated Einstein metric is asymptotically flat and the total mass is finite. Thus, for non-abelian gauge fields the Yang-Mills repulsive force can balance the gravitational attractive force and prevent the formation of singularities in spacetime.
Introduction
It is well-known that there are no non-singular symmetric static solutions of the vacuum Einstein equations, Rij-89 0; indeed, the unique static solution is the celebrated Schwarzschild metric which is singular at r = 0 [i] . Similarly, the pure Yang-Mills equationsd*F= 0 have no static regular solutions [3, 4] and if one couples Einstein's equations to Maxwelrs equations, d*Fij = 0 (where T/j is the stress energy tensor associated to the electromagnetic field Fijdx ~ ^ dxJ), then the only static solution is the Reissner-Nordstr6m metric which is again singular at the origin [1] . Finally, in [5] it is shown that for any gauge group, in 2 + 1 spacetime dimensions, the Einstein/Yang-Mills (EYM) equations likewise have no regular static solutions. Deser has asked the question as to whether there exist non-singular static solutions in 3 + 1 spacetime dimensions. In this paper we prove that in 3 + 1 spacetime dimensions with SU(2) gauge group, the EYM equations admit non-singular static solutions, whose metric is asymptoti- 
(r).
Together with these equations, we are also given a one-parameter family (2>0) of initial conditions which are chosen precisely so as to avoid a singularity at r = 0. The problem is then to find a particular parameter value 2 for which the corresponding solution (w~(r), w~(r), A~(r)) has a finite limit as r-~ ~. (We note that such solutions were previously observed numerically, by Bartnik and McKinnon, I-2]; they also derived the above system of equations. This important paper was the starting point of our investigations.)
In the appendix (Sect. 7) we show that given any 2 > 0, the above system has a unique solution, defined on an interval 0 < r < R(2), satisfying the initial conditions
This gives us a one-parameter family of local solutions which are non-singular at r--0. However, for large values of 2, the 1 solution develops a singularity at some finite f~,-~ ~, with w(?~)> 0. That is, w' is unbounded near f~, and lim A(r)=01. It follows that the solution cannot be continued beyond fz. Furthermore, at f~, the associated Einstein metric becomes singular, and the solution is no longer of physical interest. We now briefly describe the contents of the paper. Section 2 is devoted to a quick derivation of the equations, whereby we also put them into a form suitable for our purposes. In the next section, we find a range of parameter values for which A stays positive and w' remains bounded. We also analyze the solutions for small 2. In Sect. 4 we show that for 2 > 2 the solution develops a singularity in the region w > 0. In Sect. 5 we give a rigorous proof of the existence of some 2-< 2 for which the equations have a bounded solution. In the final section, we show that for our solution, the corresponding Einstein metric is asymptotically Minkowskian, and the total mass is finite.
